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Abstract

Background: Several small studies found night-time awakenings due to COPD symptoms were associated with
decreased health status. In this study, night-time awakenings in patients with COPD were examined and effects of
tiotropium therapy evaluated.

Methods: This study was a post hoc, exploratory, pooled analysis of twin, multicenter, double-blind, randomized,
placebo-controlled, parallel-group trials. Patients with stable moderate-to-severe COPD were randomized to
tiotropium HandiHaler® (n = 550) or placebo (n = 371) and followed for 13 weeks. During a 2-week, pre-treatment
baseline period and for 13 weeks on treatment, self-reported night-time awakenings due to COPD symptoms,
rescue medication (albuterol) use, and morning and evening peak expiratory flow rate (PEFR) were recorded daily.
Nightly, COPD-related awakenings were scored: 0 = no awakenings; 1 = 1 awakening; 2 = 2–3 awakenings; or 3 =
awake most of the night. Health-related quality-of-life (HRQoL) and energy–fatigue questionnaires were completed
at baseline and during treatment.

Results: Patients were aged 65.2 ± 8.7 years (mean ± SD), with a mean pre-bronchodilator FEV1 of 36.1 ± 13.5 %
predicted normal at baseline. Data for night-time awakenings and albuterol use were available for 543 (99 %)
patients on tiotropium and 352 (95 %) on placebo. At baseline, 280 (51.5 %) patients on tiotropium and 179
(50.1 %) on placebo reported ≥1 COPD-related night-time awakening per week. Over the 13-weeks’ treatment,
tiotropium was associated with fewer night-time awakenings, with mean ± SE overall awakening scores per week of
0.356 ± 0.006 compared with 0.421 ± 0.007 for placebo (p < 0.001); means were significantly lower for tiotropium
versus placebo in patients with baseline awakenings (p < 0.001), but not for those without baseline awakenings.
COPD-related night-time awakenings were associated with increased nocturnal rescue medication use and lower
HRQoL ratings in both treatment arms. Following start of treatment, tiotropium decreased patients’ use of rescue
medication compared with placebo, and morning and evening adjusted means for PEFR were higher for tiotropium
compared with placebo.

Conclusions: Tiotropium is associated with decreased COPD-related night-time awakenings. Night-time awakenings
are associated with increased nocturnal rescue medication use and may be a surrogate marker of symptom control
in patients with COPD.
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Background
The onset of sleep poses particular problems for the re-
spiratory system. There is a well-documented circadian
rhythm in lung function, with forced expiratory volume
in 1 s (FEV1) falling by approximately 150 mL overnight
in healthy subjects [1]. This change is enhanced in pa-
tients with asthma, who often complain of nocturnal re-
spiratory symptoms [2], whereas, patients with chronic
obstructive pulmonary disease (COPD) show falls in
overnight FEV1 similar to those seen in healthy individ-
uals [3]. Although sleep quality is known to be poor in
COPD [4, 5], increased nocturnal symptoms in this
population have only been demonstrated recently [6],
and night-time awakening could be considered a poten-
tial surrogate for poor disease control.
The relationship of night-time and morning symptoms

in COPD to changes in lung function is unclear, since
relatively little attention has been paid to recording the
time of day when symptoms are most prevalent. In pa-
tients with COPD, McNicholas et al. [7] found that the
long-acting anti-muscarinic drug tiotropium significantly
reduced the degree of rapid-eye-movement sleep-related
desaturation and improved post-sleep FEV1 compared
with placebo. In comparison with tiotropium alone, the
addition of an inhaled corticosteroid/long-acting beta-
agonist (LABA) combination to tiotropium, was associ-
ated with fewer morning symptoms in patients treated
with this more intensive regime [8]. However, to date,
there are relatively few data available on the impact of
once-daily long-acting inhaled bronchodilators on night-
time symptoms, either as reported by patients, or
reflected in the use of rescue medication to control re-
spiratory symptoms at night or in the morning.
We hypothesized that the use of tiotropium would be

associated with less nocturnal awakening due to respira-
tory symptoms and less rescue medication use at night
and during the first half of the waking day. To test these
hypotheses, we conducted a post hoc analysis of two
identically-designed, randomized, placebo-controlled clin-
ical trials in which night-time awakening and rescue
medication data were available. In addition, the effect of
night-time awakenings on nocturnal rescue medication
use and health status were also evaluated to assess further
the clinical impact of these events.

Methods
Study design
This post hoc exploratory study was a pooled analysis of
twin, multicenter, double-blind, randomized, placebo-
controlled, parallel-group trials, conducted at 50 sites in
the United States. The trials evaluated the efficacy and
safety of tiotropium delivered by a dry powder inhaler in
patients with COPD. Each trial had three phases, a
2-week baseline period, an initial 13-week safety and ef-
ficacy treatment phase, and an extension phase to Week
49 to collect data on long-term lung function and

exacerbations. During the treatment phase, data on
night-time awakenings due to COPD symptoms were
collected over the first 13 weeks only and not during the
extension phase. Efficacy and safety results for the whole
duration of the trials have been reported previously [9].
The primary efficacy endpoint in the original trials was

trough FEV1 change from baseline after 13 weeks of treat-
ment. Pre-specified secondary endpoints included in the
analyses were rescue medication use, morning and evening
PEFR, health-related quality-of-life (HRQoL) measures,
and energy and fatigue scores. These secondary endpoints,
along with scores for night-time awakenings due to COPD
symptoms, were collected from patient diaries and ques-
tionnaires. This is a retrospective study, which reports post
hoc results from twin multicenter studies. In the originat-
ing twin studies, the study protocol was approved by the
Institutional Review Board at each center. The IRB used
most frequently was the Western Institutional Review
Board, 3535 7th Ave. SW, Olympian WA 98502, USA. A
full list of all IRBs could be provided if this is necessary.
All patients gave written informed consent and the

study protocol was approved by the Institutional Review
Board at each center.

Study participants
Study participants were outpatients, aged ≥40 years, with
a >10 pack-years smoking history, and a clinical diag-
nosis of COPD as defined by the American Thoracic
Society [10]. Patients had stable, moderate-to-severe
airway obstruction, with a pre-bronchodilator FEV1

of ≤65 % of predicted normal according to Morris [11]
and a FEV1/forced vital capacity (FVC) of ≤70 %.
Patients were excluded if they had significant disease other

than COPD that might influence the results of the study or
put them at risk if they participated. Other exclusion criteria
included: a history of asthma, allergic rhinitis, or atopy; total
blood eosinophilia ≥600/mm3; and regular use of daytime
oxygen therapy. Patients with a history of heart failure
within 3 years, myocardial infarction within 1 year, or car-
diac arrhythmia treated with drugs were also excluded.
During the study, patients were allowed most con-

comitant medications, with the following restrictions on
respiratory medications. Inhaled anticholinergic drugs
(e.g., ipratropium bromide and atropine) were allowed
during the baseline period but, with the exception of the
study drug, not during the treatment period. Albuterol
rescue medication was allowed as needed throughout
the study. Theophylline preparations (excluding 24-h
preparations), inhaled corticosteroids, and doses of oral
corticosteroids (equivalent to ≤10 mg prednisone daily
or ≤20 mg every other day) were allowed if at a stable
dose for ≥6 weeks prior to screening and throughout the
study period. For acute exacerbations, any additional
medications, including antibiotics, were permitted as
required. However, patients were allowed only two,
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7-day increases in the dose or the addition of oral steroids
or theophylline. Other investigational drugs, all beta
blockers, cromolyn sodium, nedocromil sodium, oral beta-
adrenergics, or LABAs were not allowed for 1 month prior
to the baseline period or throughout the study period.
Patients were excluded if they were taking antihistamines
(H1 receptor antagonists) at screening. Patients not meeting
the concomitant medication requirements were excluded.

Study procedures
Screening and baseline period
At a screening visit, demographic and medical history
data were collected; a 12-lead ECG, physical examin-
ation, pulmonary function testing, laboratory evalua-
tions, and measurement of serum theophylline levels (if
used) were also performed. Spirometry was conducted
to American Thoracic Society standards [12], and % of
predicted normal values were calculated using Morris et
al. [11] and the European Community for Steel and Coal
(ECSC) [13] equations. Qualifying patients entered a 2-
week baseline period, during which time night-time
awakenings, morning and evening PEFR, and albuterol
rescue medication were recorded daily in patient diaries.
The baseline week is defined as Week 0, the week imme-
diately preceding the date of first treatment.

Treatments
After the baseline period, patients were randomized in a
3:2 ratio to tiotropium (18 μg/day tiotropium; Spiriva®;
Boehringer Ingelheim) or matching placebo, taken once
daily at the same time each morning (between 8.00 am
and 10.00 am) from a dry powder inhaler (HandiHaler®;
Boehringer Ingelheim, Ingelheim am Rhein, Germany).

Night-time awakening scores
Night-time awakenings due to COPD symptoms (wheez-
ing, shortness of breath, and coughing) were scored for
each night in the baseline week (Week 0) before treatment
started and for 13 weeks post-randomization. For each
night, patients were asked to score their COPD-related
awakenings using the following scale: 0 for no awakenings;
1 for one awakening; 2 for two or three awakenings; and 3
for being awake for most of the night. Because of the vari-
ability in night-time awakenings over time, a weekly mean
awakening score was calculated for each patient and aver-
aged over 13 weeks. For any given week, if a patient did
not experience any night-time awakenings due to COPD
symptoms his/her weekly mean score was listed as 0 for
that week. For example, for a patient who scored 0 for 3
nights, 1 for 2 nights and 2 for 2 nights, the weekly mean
score was calculated as 6/7 = 0.86.
For subgroup analyses, patients were divided into

those with and those without night-time awakening at
baseline.

Rescue medication use
Rescue medication use, measured by the number of
doses (consisting of one or two puffs) of rescue albuterol
taken over 6-h intervals (6 am to noon, noon to 6 pm,
6 pm to midnight, and midnight to 6 am), was recorded
by patients in their daily diaries. Rescue medication use
was recorded both at baseline and during the 13-week
treatment period. This was used to calculate the number
of doses taken over each 24-h period. For each patient,
weekly means were calculated for each of the four 6-h
periods and for 24 h.

Peak expiratory flow rates
Patients recorded their peak expiratory flow rate (PEFR)
measurements twice daily during the baseline and treat-
ment periods using an AirWatch™ Monitor (Enact
Health Management Systems, Mountain View, CA,
USA). Morning PEFR was measured by patients immedi-
ately upon rising before any medication use. Evening
PEFR was measured before bedtime. Measurements
were recorded in daily diaries and weekly means were
calculated for each patient.

Questionnaires
To assess general HRQoL, the generic, 36-item Short-
Form Health Survey (SF-36®) [14] was administered
prior to randomization and at 13 weeks from start of
treatment. The SF-36 scales were scored separately and
transformed to a scale of 0 to 100, where 0 indicates the
worst and 100 the best HRQoL.
At the end of the baseline period, at the end of Week 1,

and every 3 weeks thereafter until Week 13, patients were
asked three questions related to the perception of their
energy, fatigue, and severity of their respiratory condition
(only baseline and Week 13 data are reported here).
Energy was scored from 1 = very good to 5 = very poor,
fatigue was scored from 1 = very severe to 6 = no fatigue,
and severity of the respiratory condition was scored from
1 = very severe to 6 = no problems at all (see Additional
file 1: Table S1 for full details).

Statistical analyses
Since all statistical analyses were post hoc and explora-
tory, all p-values can only be interpreted as nominal
values. Analyses used the full analysis set, which in-
cluded all treated patients who had baseline data and
data for 2 weeks on treatment. Baseline was defined as
the week before treatment, and baseline values were cal-
culated for each treatment, as opposed to a common
mean across the treatments. For each patient, weekly
means for night-time awakening score, rescue medica-
tion use, and PEFR were calculated from the daily diary
records, and the mean ± standard error (SE) of the
weekly means were calculated and compared across the

Calverley et al. Respiratory Research  (2016) 17:27 Page 3 of 10



treatment groups. Last observation carried forward was
used for data imputation. For each patient, the “overall
mean” for Weeks 1–13 was calculated as the average of
his/her weekly means.
Analysis of covariance with treatment, baseline, and

pooled centers as covariates was used as the statistical
model. Adjusted means were estimated weekly and over-
all (Weeks 1–13) for night-time awakening, rescue medi-
cation, and morning and evening PEFR. Adjusted means
for SF-36 and energy–fatigue questionnaire scores were
calculated at the pre-specified key time points.
Pearson’s correlation was used to test associations be-

tween variables. To determine the role of night-time
awakening as a marker of disease control, correlations
between night-time awakening and each of the following
variables were calculated using the patients’ weekly
means: rescue medication, SF-36, and energy–fatigue.
For subgroup analyses, patients were split within each

treatment group into two groups: (i) patients who re-
ported at least one night when they had at least one
awakening due to COPD symptoms at baseline (i.e.
night-time awakening score >0) and (ii) patients without
a single night-time awakening due to COPD symptoms
at baseline (i.e. night-time awakening score = 0).

Results
Baseline demographics and clinical characteristics
Of 1287 patients screened, 550 patients were random-
ized to tiotropium and 371 to placebo. The first patient
was enrolled into the trials on the 7 January 1997 and
the last patient completed the 13-week phase on 30
September 1997. Of the patients with baseline data, one
randomized to tiotropium and five to placebo were not
included in the analyses because they had insufficient
data for 2 weeks on treatment.
Patients were predominantly Caucasian, 65 % were

male, with a mean ± SD age of 65.2 ± 8.7 years, smok-
ing history of 61.2 ± 30.6 pack-years, and FEV1 %
predicted of 36.1 ± 13.5 % (ECSC equation [13]).
Baseline demographics and clinical characteristics
were similar between the tiotropium and placebo
treatment groups, and between the subgroups of pa-
tients with and without night-time awakening at
baseline (Table 1).
Data on rescue medication use and night-time awak-

ening were available for 901 patients at baseline, with
51.5 % in the tiotropium and 50.1 % in the placebo
groups reporting at least one night-time awakening per
week.

Table 1 Baseline demographics and clinical characteristics of trial participants

All patients Night-time awakening at baseline No night-time awakening at baseline

Tiotropium Placebo Tiotropium Placebo Tiotropium Placebo

(n = 544) (n = 357) (n = 280) (n = 179) (n = 264) (n = 178)

Age, years 65.11 ± 8.50 65.30 ± 8.84 63.86 ± 8.68 63.56 ± 8.86 66.44 ± 8.12 67.05 ± 8.50

Male, n (%) 363 (66.7) 227 (63.6) 186 (66.4) 115 (64.2) 177 (67.0) 112 (62.9)

Race, n (%)

White 518 (95.2) 330 (92.4) 263 (93.9) 159 (88.8) 255 (96.6) 171 (96.1)

Black 26 (4.8) 25 (7.0) 17 (6.1) 19 (10.6) 9 (3.4) 6 (3.4)

Asian 0 (0.0) 2 (0.6) 0 (0.0) 1 (0.6) 0 (0.0) 1 (0.6)

Body mass index, kg/m2 28.32 ± 5.66 28.07 ± 5.96 28.32 ± 5.58 27.59 ± 6.00 28.32 ± 5.77 28.55 ± 5.89

Alcohol use, n (%)

Non-drinker 284 (52.2) 174 (48.7) 152 (54.3) 89 (49.7) 132 (50.0) 85 (47.8)

Average consumption 259 (47.6) 181 (50.7) 128 (45.7) 89 (49.7) 131 (49.6) 92 (51.7)

Excessive consumption 1 (0.2) 2 (0.6) 0 (0.0) 1 (0.6) 1 (0.4) 1 (0.6)

Smoking history, pack-years 62.59 ± 30.68 59.21 ± 30.53 64.31 ± 32.31 59.25 ± 31.41 60.77 ± 28.80 59.17 ± 29.72

Duration of COPD, years 8.64 ± 7.42 8.05 ± 6.70 8.88 ± 7.56 8.64 ± 7.42 8.38 ± 7.28 7.47 ± 5.84

Rescue medication use/24 h 3.66 ± 2.71 3.44 ± 2.57 4.30 ± 2.92 4.08 ± 2.77 2.99 ± 2.28 2.80 ± 2.18

FEV1, L 1.05 ± 0.41 1.01 ± 0.44 1.05 ± 0.42 1.00 ± 0.42 1.05 ± 0.41 1.02 ± 0.46

FEV1, % predicted (Morris equation [11]) 38.02 ± 14.07 37.44 ± 14.18 36.88 ± 13.75 36.36 ± 13.91 39.22 ± 14.32 38.53 ± 14.41

FEV1, % predicted (ECSC equation [13]) 36.29 ± 13.48 35.74 ± 13.62 35.22 ± 13.20 34.75 ± 13.38 37.43 ± 13.71 36.75 ± 13.82

FVC, L 2.31 ± 0.79 2.23 ± 0.78 2.28 ± 0.79 2.22 ± 0.78 2.35 ± 0.79 2.25 ± 0.78

FEV1/FVC, % 45.96 ± 11.60 45.51 ± 11.70 46.59 ± 11.52 45.52 ± 11.93 45.30 ± 11.67 45.51 ± 11.49

Data are mean ± standard deviation or number of patients (%)
COPD, chronic obstructive pulmonary disease; ECSC, European Community for Steel and Coal; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity
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Night-time awakening scores
Night-time awakening scores per night for all patients
and for the subgroups with and without baseline night-
time awakenings are shown in Fig. 1.
At baseline, adjusted treatment means, calculated from

patients’ weekly means, for night-time awakening score
per night were similar for the tiotropium and placebo
treatment groups (0.466 ± 0.028 and 0.503 ± 0.035, re-
spectively; p > 0.05). At Week 13, adjusted treatment
means were significantly lower for tiotropium compared
with placebo (0.330 ± 0.022 and 0.426 ± 0.027, re-
spectively; p < 0.01). Adjusted overall treatment means
(i.e. averaged over the entire 13-week treatment period)
were also lower for tiotropium compared with placebo
(0.356 ± 0.006 and 0.421 ± 0.007, respectively; p < 0.001).
In the subgroup analysis of patients with baseline night-

time awakening, adjusted treatment means at baseline
were similar for tiotropium and placebo (0.877 ± 0.042
and 0.966 ± 0.052, respectively; p > 0.05), as was the
distribution of night-time awakening scores (Fig. 2).
Adjusted treatment means were significantly lower
for tiotropium compared with placebo at Week 13
(0.568 ± 0.041 and 0.712 ± 0.050, respectively; p <
0.05) and also when averaged over the entire 13-week
treatment period (0.619 ± 0.100 and 0.720 ± 0.013, respect-
ively; p < 0.001).
In the subgroup of patients without baseline night-

time awakenings, the adjusted treatment means were
not significantly different between the tiotropium and
placebo groups at Week 13 (0.088 ± 0.022 and 0.110 ±
0.027, respectively; p > 0.05) or when averaged over the

entire 13-week treatment period (0.087 ± 0.005 and
0.093 ± 0.006, respectively; p > 0.05).

Rescue medication use
At baseline, the mean number of rescue medication
doses per 24-h time period was similar for the tiotro-
pium and placebo treatment groups (mean ± SD, 3.66 ±
2.71 and 3.44 ± 2.57, respectively). Following the start of
treatment, tiotropium decreased patients’ use of rescue
medication compared with placebo (see Additional
file 2: Figure S1).

Fig. 1 Adjusted weekly mean night-time awakening scores per night due to COPD symptoms. Data presented are for all patients and for the
subgroups of patients who did and did not experience at least one night-time awakening due to COPD symptoms at baseline. Night-time awakening
scores were based on the following: 0 for no awakenings; 1 for one awakening; 2 for two to three awakenings; and 3 for being awake for most of the
night. Data are mean ± standard error. The means are adjusted for center effects and baseline. The overall mean is the average over the 13 on-treatment
weekly means. There were no significant differences between tiotropium and placebo for the group of patients with no awakening at baseline at any
time point. *p < 0.05; **p < 0.01; ***p < 0.001 for tiotropium versus placebo

Fig. 2 Baseline distribution of weekly mean scores of night-time
awakening for patients who experienced at least one night-time
awakening. For each night, patients scored: 0 for no awakenings; 1
for one awakening; 2 for two or three awakenings; and 3 for being
awake for most of the night; these scores were used to calculate a
weekly mean for each patient
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The proportions of patients with rescue medication
use at baseline by 6-h time periods were: 84.2 % (759 pa-
tients) from 6 am to noon; 80.5 % (725 patients) from
noon to 6 pm; 80.9 % (729 patients) from 6 pm to mid-
night; and 50.9 % (459/901 patients) from midnight to
6 am;. Weekly mean number of rescue medication doses
per 6-h time periods are shown in Fig. 3a–d. During
each of the 6-h time periods, rescue medication use was
consistently lower for tiotropium compared with placebo
following start of treatment. Throughout the baseline
and treatment periods, rescue medication use was lowest
in the midnight to 6 am period for both the placebo and
tiotropium treatment groups (Fig. 3d).
For both the tiotropium and placebo treatment groups,

weekly mean rescue medication doses taken during the
night-time (6 pm to 6 am) and daytime (6 am to 6 pm)
were strongly correlated both at baseline and throughout
the treatment period (baseline: r = 0.78 for tiotropium
and r = 0.77 for placebo; Weeks 1–13: range r = 0.76–
0.81 for tiotropium and r = 0.70–0.80 for placebo; and
overall [Weeks 1–13]: r = 0.84 for tiotropium and r =
0.78 for placebo; p < 0.001 for all correlations).

Correlation between rescue medication use and night-
time awakenings
Rescue medication use and night-time awakening score
were positively correlated for both the tiotropium and pla-
cebo treatment groups over all time periods (p < 0.001;

Table 2). The strongest correlation was between rescue
medication use from midnight to 6 am and night-time
awakening score (overall [Weeks 1–13]: r = 0.55 for tiotro-
pium and r = 0.61 for placebo; both p < 0.001).

Peak expiratory flow rates
The weekly means for morning PEFR at baseline were
192.3 ± 4.2 L/min for the tiotropium and 192.9 ± 5.8 L/
min for the placebo treatment groups (Fig. 4a) and for
evening PEFR were 206.1 ± 4.5 L/min for tiotropium and
207.4 ± 6.1 L/min for placebo (Fig. 4b). For all treatment
weeks, both morning and evening adjusted means for
PEFR were higher for tiotropium compared with placebo
(all p < 0.05; Fig. 4a and b, respectively).

Questionnaires
After 13 weeks of treatment (Day 92), patients in the tio-
tropium treatment group had greater (i.e., more favor-
able) SF-36 scores for Physical Function, Role Physical,
General Physical Health, and Physical Health Summary
compared with patients receiving placebo (all p < 0.01;
Additional file 3: Figure S2A). In a subgroup analysis at
Week 13, patients without baseline night-time awaken-
ing had higher scores for Physical Function, Physical
Health Summary, and Role Emotional in the tiotropium
group compared with placebo (p < 0.05; Additional file 3:
Figure S2B) and patients with baseline night-time awak-
ening had higher scores for General Physical Health and

Fig. 3 Adjusted weekly mean rescue medication doses/6-h periods; a 6 am to noon, b noon to 6 pm, c 6 pm to midnight, and d midnight to
6 am. A dose of rescue medication use was defined as one or two puffs of albuterol. Data are mean ± standard error. The means are adjusted for
center effects and baseline. The overall mean is the average over the 13 weekly means. *p < 0.05; **p < 0.01; ***p < 0.001 for tiotropium versus placebo
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Physical Health Summary in the tiotropium group com-
pared with placebo (p < 0.01 and p < 0.05, respectively;
Additional file 3: Figure S2C). Patients without baseline
night-time awakening had a larger treatment effect for
Role Physical, Bodily Pain, Role Emotional, and General
Mental Health compared with those with baseline night-
time awakening, conversely, patients with baseline night-
time awakening had a larger treatment effect for Vitality.
In both the tiotropium and placebo treatment groups,

there were negative and broadly consistent correlations
at baseline and Week 13 between night-time awakening
scores and each of the SF-36 domains (all p < 0.001; see
Additional file 4: Table S2). For tiotropium, correlation
coefficients were in the ranges: r = −0.297 to −0.216 at
baseline and r = −0.233 to −0.175 at Week 13, and for
placebo: r = −0.326 to −0.213 at baseline and r = −0.380
to −0.208 at Week 13. Correlations between the overall
mean for Weeks 1–13 for night-time awakening scores
and SF-36 domain scores at Week 13 were also investi-
gated and gave broadly similar results to those seen for
the Week 13 comparisons (all p < 0.001; see Additional
file 4: Table S2).
Results for the energy, fatigue, and severity of condi-

tion questionnaire are presented in the Additional file 5:
Tables S3 and S4.

Discussion
This analysis has shown that night-time awakenings due
to COPD symptoms were present at baseline in around
half of the patients studied. Tiotropium treatment was

associated with decreased night-time awakenings. These
awakenings were correlated with the use of rescue medi-
cation and, to a lesser degree, impairment of health sta-
tus and increased fatigue, suggesting that night-time
awakening could be a potential surrogate for poor dis-
ease control.
Although considerable effort has been made to pro-

duce validated questionnaires that capture the time
course of exacerbations, well-being, and fatigue in pa-
tients with COPD [15–17], similar attention has not
been paid to the occurrence of symptoms at night or
early in the morning. This study used data from a sim-
ple, non-linear, scoring system that provided a semi-
quantitative assessment of whether COPD symptoms
were present at night. There was evidence of night-to-
night variation in symptomatology, with some nights
being worse than others. Hence, to capture events
throughout the study, data were averaged over 7-day pe-
riods and patients who did and did not experience awak-
enings on at least one night due to respiratory
symptoms were identified. During the baseline run-in
phase (Week 0), half of the patients experienced at least

Table 2 Pearson’s correlation coefficients: weekly mean rescue
medication doses and weekly mean night-time awakening scores

Rescue medication correlation
with night-time awakening

Tiotropium Placebo

n r n r

24 h

Baseline 544 0.30*** 357 0.34***

Overall (Weeks 1–13) 543 0.41*** 352 0.39***

6 pm to 6 am

Baseline 544 0.39*** 357 0.40***

Overall (Weeks 1–13) 543 0.48*** 352 0.51***

6 pm to midnight (12 am)

Baseline 544 0.24*** 357 0.26***

Overall (Weeks 1–13) 543 0.34*** 352 0.31***

Midnight (12 am) to 6 am

Baseline 544 0.47*** 357 0.43***

Overall (Weeks 1–13) 543 0.55*** 352 0.61***

6 am to 6 pm

Baseline 544 0.20*** 357 0.25***

Overall (Weeks 1–13) 543 0.32*** 352 0.26***

***p < 0.001

Fig. 4 Adjusted weekly mean a morning and b evening peak
expiratory flow rates. Data are mean ± standard error. The means are
adjusted for center effects and baseline. The overall mean is the
average over the 13 weekly means for tiotropium versus placebo.
*p < 0.05; **p < 0.01; ***p < 0.001 for tiotropium versus placebo
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one night with respiratory symptoms that caused night-
time awakening. Night-time awakening score was corre-
lated with the use of rescue medication during the base-
line period and overall (Weeks 1–13), with correlation
coefficients in the range 0.3–0.5. This moderate correl-
ation reflects, in part, the use of rescue therapy for other
reasons and the fact that, although symptoms may
awaken a patient, they are not always severe enough for
them to seek inhaled treatment. Nonetheless, the correl-
ation between rescue therapy and this important clinical
symptom of COPD, suggests that this relatively easily
monitored variable may be useful in evaluating how well
the disease is controlled, as is commonly used for assess-
ment of asthma control [18]. In the placebo group, the
night-time awakening scores were similar at baseline
through to Week 13 indicating a consistency in the data,
and suggesting that patients who report symptoms at
night are likely to find this a persistent problem.
Tiotropium is an effective long-acting inhaled bron-

chodilator with duration of action of more than 24 h;
this effect is supported in this study by the observed im-
provement in morning PEFR. Tiotropium’s long duration
of action is also supported by its effect on night-time
awakening. Although during the baseline period, the
likelihood of patients reporting night-time awakenings
was similar in both groups, by Week 13 there was a sig-
nificant reduction in these events in patients treated
with tiotropium as compared with placebo (adjusted
overall treatment means 0.356 and 0.421, respectively;
p < 0.001). This difference achieved statistical significance,
but its clinical importance is questionable. However, the
data are the mean of scores from many patients whose
night-time awakenings were relatively infrequent (see
below). The treatment effect was evident in those who
had reported night-time awakenings during the run-in
period and were experiencing the symptoms of interest
when randomized to treatment. The improvement in
night-time symptoms in the tiotropium-treated group was
paralleled by reduced rescue medication use, which was
seen throughout the 24-h day. Although rescue medica-
tion use was lowest between midnight and 6 am, there
were still significantly fewer doses taken by patients re-
ceiving tiotropium compared with those receiving placebo
over this time period (significantly fewer for seven out of
13 weeks and for the overall Weeks 1–13 mean). There
were also positive effects on health status and overall
levels of fatigue from the intervention, but how much of
this could be attributed to the decrease in night-time
symptoms is hard to assess. Improvements in early morn-
ing symptoms have been reported with other bronchodila-
tor combinations and with other long-acting inhaled
bronchodilators [19], although these changes have not
always been confirmed when assessed in larger patient
groups [20]. Nevertheless, it seems likely that an

improvement in lung mechanics overnight will either
suppress the production of symptoms or possibly in-
crease the threshold of lung function impairment that
needs to be achieved to trigger an awakening. At
present there are insufficient data to know which
mechanisms are more important. Other studies look-
ing at the effect of tiotropium on awakenings have
failed to show an effect, likely due to limitations in
study design [21]. This emphasizes the difficulty of ap-
plying existing questionnaire methodology where random
differences in initial night-time awakenings can occur be-
tween treatment groups, as was the case with the Beier
et al. study [21].
In this study of patients with moderate-to-severe

COPD, only half the patients reported night-time awak-
enings at baseline due to COPD symptoms. This is in
line with other studies, where the percentage of baseline
night-time awakenings varied between 35 % and 57 % of
patients [22, 23]. However, this may underestimate the
true impact of night-time symptoms, as a cross-sectional
European survey of 2807 patients found that 78 % of pa-
tients with COPD reported night-time sleep distur-
bances; a problem that worsened with disease severity
[24]. Clearly, effective control of COPD-related symp-
toms is needed across the 24-h day.
This post hoc analysis has a number of limitations. In

this study, the majority of patients had only a limited
number of night-time awakenings at baseline, which
may have reduced the ability to show strong treatment
effects. In addition, the clinical impact of the findings is
unknown, as the minimal clinically important difference
for night-time awakening is not established and warrants
further investigation. The studies reported here were
undertaken in 1997, at a time when background medica-
tions, such as inhaled LABAs and corticosteroids, were
less commonly used than is now the case. While this al-
lows us to explore the impact of sustained bronchodila-
tion on night-time symptoms and rescue bronchodilator
use, it may be less representative of current therapy,
which may include other long-acting bronchodilators
alone or in combination. In this study, LABAs were not
permitted for at least 1 month prior to the beginning of
the baseline period or throughout the study period and
inhaled corticosteroids were permitted if at a stable dose
for at least 6 weeks prior to screening and throughout
the study period. Furthermore, as noted, the metrics for
night-time awakenings were relatively crude and did not
take account of individual night-time variability; this is
an area that merits further exploration. Likewise, the de-
velopment of more specific, validated questionnaires bet-
ter able to quantify the impact of night-time symptoms
would be useful. Finally, it would help to have data from
a healthy, age-matched control population to understand
the influence of age-related impairment on sleep quality
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that is not COPD related. However, in this study, patients
were asked to only consider awakenings that they felt were
triggered by their respiratory symptoms. Despite these
limitations, we believe that our data represent the impact
of sustained bronchodilation in patients with COPD not
selected on the basis of prior nocturnal symptoms and
hence are applicable to ‘real-world’ patients.

Conclusions
In conclusion, it was found that significant nocturnal
awakenings correlated with COPD symptoms, and were
present at least once weekly in half of the study patients
during the baseline period. These events likely contribute
to overall health status impairment. While it cannot be
stated with certainty that amelioration of these night-time
events positively affects health status, experience in asthma
suggests that this may be the case. Encouragingly,
morning-dosed tiotropium appears to decrease night-time
symptoms and reduce the need for rescue treatment.
However, these data also indicate that the problem is not
abolished, and so further studies are required to explore
the etiology of night-time awakening in this patient popu-
lation, and whether different or more intensive treatments
can favorably impact this potentially troublesome problem.

Additional files

Additional file 1: Table S1. Energy and fatigue questionnaire. Patients
were asked to choose one option in each question that best described
how they felt. (PDF 12 kb)

Additional file 2: Figure S1. Adjusted weekly mean rescue medication
doses/24 h. A dose of rescue medication use was defined as one or two
puffs of albuterol. Data are mean ± standard error. The means are
adjusted for center effects and baseline. The overall mean is the average
over the 13 weekly means. ***p < 0.001 for tiotropium versus placebo.
(PDF 82 kb)

Additional file 3: Figure S2. Thirty six Item Short-Form Health Survey
(SF-36) assessed at baseline and Week 13 (Day 92). Data are adjusted
mean ± standard error. The means are adjusted for center effects and
baseline. A score of zero indicates worst health and a score of 100
indicates best health. *p < 0.05, **p < 0.01 tiotropium versus placebo at
Week 13. (PDF 389 kb)

Additional file 4: Table S2. Pearson’s correlation coefficients: night-time
awakening scores and 36-item Short-Form Health Survey (SF-36) scores at
baseline, Week 13, and overall (Weeks 1–13). (PDF 212 kb)

Additional file 5: Energy–fatigue questionnaire results. Table S3 Adjusted
mean energy–fatigue questionnaire scores assessed at baseline and Week
13 (Day 92). Table S4 Pearson’s correlation coefficients: night-time
awakening scores and energy–fatigue questionnaire data. (PDF 207 kb)

Abbreviations
COPD: Chronic obstructive pulmonary disease; ECSC: European Community
for Steel and Coal; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital
capacity; HRQoL: Health-related quality-of-life; LABA: Long-acting beta-agonist;
PEFR: Peak expiratory flow rate; SE: Standard error; SF-36: 36-Item Short-Form
health survey.

Competing interests
PMAC has served on Advisory Boards for Boehringer Ingelheim,
GlaxoSmithKline, and Nycomed. He has received consultancy fees from

Novartis and has provided expert testimony for Forest. He (or his institution)
has received payment for services on speakers’ bureaus from AstraZeneca,
GlaxoSmithKline, Novartis, Pfizer, and Takeda Nycomed.
SIR has received reimbursement for attending a symposium, speaking and/or
consulting from: ABIM, Able Associates, Advantage Healthcare, Align2Action,
Almirall, APT, ATS, AstraZeneca, Baxter, Boehringer Ingelheim, Chiesi, CIPLA,
ClearView Healthcare, Cleveland Clinic, CME Incite, Complete Medical Group,
COPD Foundation, Cory Paeth, CSA, CSL, CTS Carmel, Daiichi Sankyo,
Decision Resources, Dunn Group, Easton Associates, Elevation Pharma,
FirstWord, Forest, Frankel Group, Gerson, GlaxoSmithKline, Gilead, Grifols,
GroupH, Guidepoint Global, Haymarket, HealthStar, Huron Consulting, Incite,
InThought, IntraMed (Forest), Johnson & Johnson, LEK, McKinsey, Medical
Knowledge, Mediummune, Methodist Health System (Dallas), Navigant, NCI
Consulting, Novartis, Nuvis, Pearl, Penn Technology, Pfizer, PlanningShop,
Prescott, ProEd Comm, ProiMed, PSL FirstWord, Pulmatrix, Qessential,
Quadrant, Regeneron, Saatchi and Saatchi, Schlesinger Associates, Strategic
North, Synapse, Takeda, Theron, WebMD. SIR’s institution has received grant
support from NHLBI, Nebraska DHHS, Otsuka, Pfizer, GlaxoSmithKline,
Boehringer Ingelheim, Nycomed, AstraZeneca, Centocor, Almirall. SIR is
employed by AstraZeneca, Cambridge, UK and also retains Professorship and
a part-time appointment at the University of Nebraska Medical Center,
Omaha, NE, USA.
EC-B and VBZ are employees of Boehringer Ingelheim Pharmaceuticals, Inc.
NM is an employee of Boehringer Ingelheim GmbH.
RZ has received payment for services on speakers’ bureaus from Boehringer
Ingelheim, GlaxoSmithKline, and Pfizer, and his institution has received
consultancy fees and grants from Boehringer Ingelheim.

Authors’ contributions
PMAC was responsible for the concept of the investigation, development of
the analysis plan, and drafting the manuscript. SR was responsible for the
concept of the investigation, development of the analysis plan, and drafting
the manuscript. EC-B participated in the concept and design of the investigation,
analysis and interpretation of the data, and drafting the manuscript. NM
participated in the concept and design of the investigation and analysis and
interpretation of data, and provided direction for drafting the manuscript. VBZ
discussed the investigation design, wrote the statistical analysis plan, performed
the statistical analyses, interpreted the data, and participated in drafting the
manuscript. RZ participated in the concept and design of the investigation,
interpretation of the data, and drafting the manuscript. All authors provided
critical reviews of the manuscript for intellectual content during its development
and read and approved the final version.

Authors’ information
Stephen I Rennard is now employed by AstraZeneca, Cambridge, UK and
also retains Professorship and a part-time appointment at the University of
Nebraska Medical Center, Omaha, NE, USA.

Acknowledgments
The authors meet criteria for authorship as recommended by the
International Committee of Medical Journal Editors (ICMJE) and were fully
responsible for all content and editorial decisions, and were involved at all
stages of manuscript development. The authors received no compensation
related to the development of the manuscript. This work was supported by
Boehringer Ingelheim Pharmaceuticals, Inc. (BIPI) and Pfizer Inc. Writing,
editorial support, and formatting assistance was provided by Jane M. Gilbert,
BSc CMPP, of Envision Scientific Solutions, which was contracted, and
compensated by BIPI and Pfizer Inc for these services.

Author details
1Clinical Science Centre, University Hospital Aintree, Longmoor Lane,
Liverpool L9 7AL, UK. 2University of Nebraska Medical Center, Omaha, NE,
USA. 3Boehringer Ingelheim Pharmaceuticals Inc, Ridgefield, CT, USA.
4Boehringer Ingelheim GmbH, Ingelheim, Germany. 5St Francis Hospital
Medical Center, Hartford, CT, USA.

Received: 22 July 2015 Accepted: 25 February 2016

Calverley et al. Respiratory Research  (2016) 17:27 Page 9 of 10

dx.doi.org/10.1186/s12931-016-0340-9
dx.doi.org/10.1186/s12931-016-0340-9
dx.doi.org/10.1186/s12931-016-0340-9
dx.doi.org/10.1186/s12931-016-0340-9
dx.doi.org/10.1186/s12931-016-0340-9


References
1. Borsboom GJ, van Pelt W, van Houwelingen HC, van Vianen BG, Schouten JP,

Quanjer PH. Diurnal variation in lung function in subgroups from two Dutch
populations: consequences for longitudinal analysis. Am J Respir Crit Care Med.
1999;159:1163–71.

2. Kraft M, Pak J, Martin RJ, Kaminsky D, Irvin CG. Distal lung dysfunction at
night in nocturnal asthma. Am J Respir Crit Care Med. 2001;163:1551–6.

3. Calverley PM, Lee A, Towse L, van Noord J, Witek TJ, Kelsen S. Effect of
tiotropium bromide on circadian variation in airflow limitation in chronic
obstructive pulmonary disease. Thorax. 2003;58:855–60.

4. Calverley PM, Brezinova V, Douglas NJ, Catterall JR, Flenley DC. The effect of
oxygenation on sleep quality in chronic bronchitis and emphysema.
Am Rev Respir Dis. 1982;126:206–10.

5. McNicholas WT, Verbraecken J, Marin JM. Sleep disorders in COPD: the
forgotten dimension. Eur Respir Rev. 2013;22:365–75.

6. Kessler R, Partridge MR, Miravitlles M, Cazzola M, Vogelmeier C, Leynaud D,
et al. Symptom variability in patients with severe COPD: a pan-European
cross-sectional study. Eur Respir J. 2011;37:264–72.

7. McNicholas WT, Calverley PM, Lee A, Edwards JC. Long-acting inhaled
anticholinergic therapy improves sleeping oxygen saturation in COPD.
Eur Respir J. 2004;23:825–31.

8. Welte T, Miravitlles M, Hernandez P, Eriksson G, Peterson S, Polanowski T,
et al. Efficacy and tolerability of budesonide/formoterol added to tiotropium
in patients with chronic obstructive pulmonary disease. Am J Respir Crit
Care Med. 2009;180:741–50.

9. Casaburi R, Mahler DA, Jones PW, Wanner A, San PG, ZuWallack RL, et al.
A long-term evaluation of once-daily inhaled tiotropium in chronic
obstructive pulmonary disease. Eur Respir J. 2002;19:217–24.

10. American Thoracic Society. Standards for the diagnosis and care of patients
with chronic obstructive pulmonary disease. American Thoracic Society.
Am J Respir Crit Care Med. 1995;152:S77–S121.

11. Morris JF, Koski A, Temple WP, Claremont A, Thomas DR. Fifteen-year
interval spirometric evaluation of the Oregon predictive equations. Chest.
1988;93:123–7.

12. American Thoracic Society. Standardization of Spirometry, 1994 Update. Am
J Respir Crit Care Med. 1995;152:1107–36.

13. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault JC.
Lung volumes and forced ventilatory flows. Report Working Party
Standardization of Lung Function Tests, European Community for Steel and
Coal. Official Statement of the European Respiratory Society. Eur Respir
J Suppl. 1993;16:5–40.

14. Ware Jr JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care. 1992;30:473–83.

15. Al-shair K, Kolsum U, Berry P, Smith J, Caress A, Singh D, et al. Development,
dimensions, reliability and validity of the novel Manchester COPD fatigue
scale. Thorax. 2009;64:950–5.

16. Jones PW. The COPD Assessment Test: what have we learned over its first
5 years? Eur Respir J. 2014;44:833–4.

17. Leidy NK, Wilcox TK, Jones PW, Murray L, Winnette R, Howard K, et al.
Development of the EXAcerbations of Chronic Obstructive Pulmonary
Disease Tool (EXACT): a patient-reported outcome (PRO) measure. Value
Health. 2010;13:965–75.

18. Juniper EF, Bousquet J, Abetz L, Bateman ED. Identifying ‘well-controlled’
and ‘not well-controlled’ asthma using the Asthma Control Questionnaire.
Respir Med. 2006;100:616–21.

19. Fuhr R, Magnussen H, Sarem K, Llovera AR, Kirsten AM, Falqués M, et al. Efficacy
of aclidinium bromide 400 μg twice daily compared with placebo and
tiotropium in patients with moderate to severe COPD. Chest. 2012;141:745–52.

20. Jones PW, Singh D, Bateman ED, Agusti A, Lamarca R, de Miquel G, et al.
Efficacy and safety of twice-daily aclidinium bromide in COPD patients: the
ATTAIN study. Eur Respir J. 2012;40:830–6.

21. Beier J, Kirsten AM, Mróz R, Segarra R, Chuecos F, Caracta C, et al. Efficacy
and safety of aclidinium bromide compared with placebo and tiotropium in
patients with moderate-to-severe chronic obstructive pulmonary disease:
results from a 6-week, randomized, controlled Phase IIIb study. COPD.
2013;10:511–22.

22. Anzueto A, Ferguson GT, Feldman G, Chinsky K, Seibert A, Emmett A, et al.
Effect of fluticasone propionate/salmeterol (250/50) on COPD exacerbations
and impact on patient outcomes. COPD. 2009;6:320–9.

23. Bateman ED, Chapman KR, Singh D, D’Urzo AD, Molins E, Leselbaum A,
et al. Aclidinium bromide and formoterol fumarate as a fixed-dose
combination in COPD: pooled analysis of symptoms and exacerbations
from two six-month, multicentre, randomised studies (ACLIFORM and
AUGMENT). Respir Res. 2015;16:92.

24. Price D, Small M, Milligan G, Higgins V, Gil EG, Estruch J. Impact of night-
time symptoms in COPD: a real-world study in five European countries.
Int J Chron Obstruct Pulmon Dis. 2013;8:595–603.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Calverley et al. Respiratory Research  (2016) 17:27 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Study participants
	Study procedures
	Screening and baseline period
	Treatments
	Night-time awakening scores
	Rescue medication use
	Peak expiratory flow rates
	Questionnaires

	Statistical analyses

	Results
	Baseline demographics and clinical characteristics
	Night-time awakening scores
	Rescue medication use
	Correlation between rescue medication use and night-time awakenings
	Peak expiratory flow rates
	Questionnaires

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgments
	Author details
	References



